Attempts have been made by some workers to determine the results of complement-fixation tests in various stages of the disease, and accordingly patients have been grouped into three main classes, as: i. Early or incipient; 2. Moderately advanced; and 3. Far advanced.
It is obvious that in many instances a patient placed in one category by one clinician might readily enough have been considered as belonging to another class by a second clinical observer, In some cases the Turban classification has been used.
Craig18 has analysed his results in two different investigations undertaken by him in pulmonary tuberculosis, and has tabulated his results in relation to the class of infection, and to the state of activity or inactivity of the lesions.
In his first series of 166 cases, he found 96.2 per cent, positive among those classed as having active lesions, while of those whose lesions were inactive 66.1 per cent, gave a positive reaction.
Of those grouped in the incipient class 60 per cent, were positive; in those in whom the process was moderately advanced, the percentage of positive results was 85.8 per cent., with 96.4 per cent, in the group having far advanced disease.
In his second series, which comprised 209 cases, those with active foci gave 96.6 per cent, positive fixations, and those with inactive lesions yielded 65 per cent, positive results.
In this series the incipient group produced 81.8 per cent, positive, the percentage of positive reactions in the moderately-advanced and far-advanced groups being 88.2 and 96.6 respectively.
Patients having active lesions in each class, as a rule, showed a higher percentage of positive tests than those in whom there was no clinical evidence of activity, except that in both series the inactive faradvanced cases gave 100 per cent, positive results; the numbers in this group, however, were small. Caulfield,27 using as his antigen bacillary emulsion, grouped his cases according to the Turban classification, and found his percentages of positive reactions to be 33 in Turban I. cases, 70 in Turban II. cases, and 62 in Turban III. cases. Radcliffe9 also grouped his cases according to the Turban classification; 88.6 per cent, were positive in Group I., 89.6 per cent, in Group II., and 79.3 per cent, in Group III.
Miller 11 divided his 397 cases of pulmonary tuberculosis into active and inactive, those with active lesions giving 275 positive reactions out of 284 cases, while of 113 patients with inactive lesions only 10 were found to give a positive complement-fixation test.
He further classified the active cases as follows:?
(1) Incipient, with 109 per cent, positive results.
(2) Stage I., cases with 100 per cent, positive.
(3) Stage II., cases with 96.8 per cent, positive. (4) Stage III., cases with 95.6 per cent, positive. In Moon's12 cases the percentage of positive reactions in the incipient class was 87.5, in the moderately-advanced class 85.7, and in those classed as far advanced the percentage was 84.3.
In another set of observations,28 only 2 out of 22 inactive cases gave positive reactions, while 34 out of 39 active cases gave positive tests, and of 37 patients classified as having advanced lesions, 34 were found to give positive reactions. In contrast to these results, Moursund,29 examining 103 patients in whom the disease was active, found that only 15.5 per cent, gave a positive complement-fixation reaction.
Of the cases in the inactive class, 51 in all, 50 gave a , negative reaction, while 1 gave a positive, but this patient was also positive to the Wassermann test.
IV. Quiescent and Arrested Cases.?Not infrequently the complement-fixation test has been found to be positive in cases which were clinically quiescent at the time of the test. Since the test depends upon the presence or absence of demonstrable complement-fixing antibody in the blood, and as this antibody is produced in response to the stimulus of an active tuberculous lesion, it would seem that those cases in which the test was positive, although they were apparently quiescent, either had a focus which was pathologically but not clinically active, or else the focus, while arrested at the time the test was made, had been active recently, the antibodies not yet having disappeared from the blood. This seems to be a reasonable supposition, and is in keeping with the persistence of various antibodies in the blood of patients who have recovered from other diseases.
In the series of cases whose complement-fixation reactions .were examined by Dudgeon, Meek, and Weir,7 there were 19 who were classed as arrested, and whose conditions had been quiescent for periods of from several months to seven years, but in 14 of these cases positive fixation results were determined.
Neuman and Stoll21 investigated 17 old tuberculous patients, showing no evidence of acute tuberculosis at the time of the test, and found that 6 per cent, gave positive complement-fixation. They were of the opinion that a positive reaction in patients showing no signs or symptoms did not justify a diagnosis of active tuberculosis, although it was quite probable that there had been an active focus recently.
Miller11 found that, in arrested cases, the percentage of negative results was 91.
Craig1S holds the view that a case, although clinically inactive, cannot be considered to be cared as long as the complement-fixation test remains positive, as a positive reaction means an active focus somewhere in the body; he considers that the test will prove of the greatest value in discriminating really cured infections from those which are merely quiesce?it, at least 80 per cent, of his cases classified as inactive moderately advanced, although quiescent or cured clinically, giving 68.7 per cent, positive fixations, subsequently relapsed clinically.
V. Relation of Strength of Reaction to Clinical Condition.
?Attempts have been made to correlate the strength of the reaction with the clinical condition of the patient, in the hope that by this means an indication might be furnished of the patient's resistance to the tuberculous infection, and some help gained in prognosis. This hope has not been realised, and no very definitely conclusive results have been attained. Sometimes positive and sometimes negative results occurred in patients presenting no signs or symptoms of an active infection and whose general condition of health was good; and, on the other hand, strongly positive or negative reactions were presented by patients whose condition was bad and in whom the disease was far advanced; not uncommonly negative reactions were given by patients who were dying, and whose deaths took place shortly after the serological examination.4,25 Patients presenting the same clinical phenomena often behaved quite differently as regards their serological reactions: thus some cases showing evidence of considerable toxaemia gave a slight reaction, while cases in all respects the same as those from the clinical aspect gave strongly positive reactions; and, on the other hand, a strongly positive reaction might be found in a chronic fibroid case apparently in good condition."
Meek30 found that the strength of the reaction may change very considerably without any change in the patient clinically, and that, on the other hand, definite signs of extension of the pulmonary lesion may not be accompanied by any change in the strength of the complementfixation reaction.
The weakening of a positive reaction to a weakly positive or to a negative is regarded as a good prognostic sign by von Wedel,31 in incipient and moderately-advanced cases showing improvement clinically; this same change occurring in far-advanced cases in poor condition, he regards as a bad prognostic sign. Other observers have also recorded a weakening in the strength of the reaction coincident with rapidly failing resistance. 13 It cannot be said that the strength or intensity of the complementfixation reaction supplies any criterion of the power of resistance of the patient, and it cannot be relied upon as a guide in prognosis.
VI. The Complement-fixation Reaction in Tuberculosis
other than Pulmonary.?The complement-fixation reaction has been applied to other forms of tuberculous infection, and tests have been made by various observers with the sera of patients presenting such tuberculous conditions as lupus, adenitis, Pott's disease, joint infections, meningitis, and peritonitis.
The sera of 104 cases of lupus were tested,32 the patients having had the disease for periods varying from ten to forty years, the ages of the patients varying from 10 to 74 years. In these cases the skin lesions were the only clinical evidence of tuberculosis.
In this series of cases 66.4 per cent, gave a definitely positive reaction, while a "partial" positive was found in 17.3 per cent.
Grouping together cases of tuberculous infection of bone, Pott's disease, etc., Fried20 found the reaction positive in each of 22 patients examined; again, with Goldenberg,26 he examined 11 similar cases, and found that all of them gave positive reactions. In a number of cases of Pott's disease, tuberculous glands, tuberculous disease of knee and hip joint, Mozer and Fried33 made the observation that these lesions, when in the stage of development, lead to the production of a higher percentage of positive results than do those which are healing, and that the lowest percentage of positive reactions is manifested by those patients in whom fistulae are present, and whose general condition is not good.
In tuberculous meningitis Besredka15 failed to find any complementfixing antibodies in the blood of 12 children, but Miller11 records 4 cases of this type of infection, 3 of which gave a positive fixation test.
VII. Value of the Complement-Fixation Test in Diagnosis.
?To be of real diagnostic value, any serological test must fulfil the following requirements:?
1. It must be negative in healthy people who are free from the disease in question. 2. It must be negative in persons suffering from some disease other than that to which the test is applicable. 3 . It must be positive in the great majority of cases of the disease for which it is claimed to be specific.
Many observations have been made as to the behaviour of the sera of normal people as regards any power of fixing complement in the presence of a tuberculous antigen.
If such non-specific fixation were to occur with any degree of frequency, the complement-fixation reaction would be worthless as a means of diagnosis of the presence of tuberculous infection. Here, again, different investigators report very different results.
Craig (i9i5)ls examined the serum in 150 normal individuals, and stated that the test was negative with the serum of normal people. In a later report (1917) he met with one positive reaction in 200 young healthy soldiers free from any clinical manifestations of tuberculosis; the case where the reaction was positive subsequently developed night sweats and haemoptysis, but tubercle bacilli were not found in the sputum. On the other hand, M'Caskey,19 using Craig's antigen, found the reaction positive in 20 per cent, of non-tuberculous people.
Stoll and Neuman21 applied the test to 40 healthy persons, all reacted negatively, while in 50 apparently healthy people examined by Woods 28 a positive reaction was given by 2.
Moon12 reported 12 positive fixation reactions in 100 apparently healthy young adults ; 2 of these were found to have physical signs 216 sufficient to class them as suspicious cases, but the others did not show any clinical signs suggesting tuberculosis. Among 23 patients with other conditions, not tuberculous, the test proved positive in 6 (26 per cent.). As a possible explanation of some of these reactions, Moon suggested that they might have been false positives due to an imperfect antigen. Using the same form of antigen, however, Miller11 examined 144 cases clinically free from tuberculosis, some healthy and others with various conditions of disease, but none reacted positively.
Examining the reaction in diseases other than tuberculosis, M'Intosh and Fildes9 found only 3 positive reactions in the 81 cases examined, and of the 3 positive, 2 were suffering from leprosy, and 1 was a case of Addison's disease. Twenty healthy people examined by Wang and Crocket2'2 were all negative. Watkins and Boynton34 reported on 168 patients clinically free from tuberculosis; in 4.2 per cent, they record positive findings by the complement-fixation test.
The reaction was studied in children by J. V. Cooke,35 who found that positive results were given in 5 per cent, of patients suffering from non-tuberculous conditions. He made the observation that a positive complement-fixation reaction might occur in a non-tuberculous patient who was suffering from diphtheria, or who had just recovered from this infection ; all of his diphtheria cases giving a positive complementfixation with the tuberculous antigen had received inoculations of antitoxin; similar results were obtained by Urbain and Fried30 in cases of diphtheria, and in tests made in which the serum used was antidiphtheritic serum.
This was further corroborated by Negre and Boquet,37 who found that extracts of the bacillus of diphtheria act as an antigen along with tuberculous antibodies.
The Complement-fixation Reaction for Tuberculosis in
Serum giving a Positive Wassermann Reaction (Table II.) ?It has been noted that in some cases a positive reaction may be obtained by this test for tuberculosis with the serum of a syphilitic patient where the Wassermann reaction is positive, and when no signs of tuberculosis are manifested by the patient.
Here, again, very different results have been obtained by different investigators, and opinions differ as to whether a positive fixation occurring with a tuberculous antigen and a serum giving the Wassermann reaction is an instance of non-specific cross-fixation, or whether it is evidence of the co-existence of syphilis and tuberculosis in the same patient.
In one report14 70.6 per cent, of the sera which were positive by the Wassermann test are stated to have given a positive tuberculosis fixation also; and in 75 sera from children with congenital syphilis Cooke 35 found both reactions positive. Wang and Crocket,2employing a lipoid-free antigen, obtained a positive tuberculous complement-fixation reaction in 41 per cent, of the sera examined by them, which were also positive with the Wassermann antigen; also using an antigen prepared after extraction of tubercle bacilli with alcohol, Moursund 29 found that 45 per cent, of the syphilitic sera examined by him fixed complement in the presence of this antigen.
Even when the same form of antigen has been used by different workers their results have differed; thus Craig (1917) , with an antigen which consisted of the filtrate of a culture of tubercle bacilli after * treatment with alcohol, examining 350 syphilitic patients, each with a positive Wassermann, found that only 5.4 of them reacted in a positive manner with his tuberculous antigen, and some of those who reacted positively to both tests afterwards showed tubercle bacilli in the sputum.
M'Caskey used Craig's antigen, but found that both reactions were positive in 44 per cent, of the syphilitic patients examined; he only examined 25 cases, however.
Stoll and Neuman employed a lipoid-free antigen (Wilson's), and examined 228 persons in whom the Wassermann was positive; 11 of them reacted to both tests, and 3 of these were found to be tuberculous, leaving 3.5 per cent, possibly non-specific reactions.
The same antigen was used by von Wedel,31 who found that only 3 cases were positive to both tests out of 88 sera giving a positive Wassermann, and in 2 of them symptoms of both diseases were present.
Contradictory results have been obtained by several workers using Miller's antigen.
With this antigen, Miller studied the reaction in 243 patients with positive Wassermann reactions, and in only 7 of these were both tests positive; 1 of the 7 was a case of tuberculous peritonitis, and in 4 of the others signs were present which suggested tuberculosis. In contrast to these results, Moon, using Miller's antigen, found that 38 per cent, of those with a positive Wassermann also gave a positive complement-fixation test with the tuberculous antigen, while other workers13 employing this antigen report the occurrence of a positive result in 19.9 per cent, of syphilitics with a positive Wassermann.
Bass,24 using Besredka's antigen, records the occurrence of complement-fixation with this antigen in 32 instances out of a total of 114 clinically non-tuberculous syphilitics. In Craig's opinion, the occurrence of a positive Wassermann and a positive tuberculous fixation reaction in the same serum is not due to non-specific cross-fixation. He points out that there are many instances on record of the co-existence of syphilis of the lung with pulmonary tuberculosis.
Others seek to explain the phenomenon by assuming 219 that in syphilitic patients the resistance to tuberculosis is lowered, and that they are therefore more prone to be successfully attacked and invaded by the tubercle bacillus. On the other hand, it is difficult to accept it as a fact that 45 per cent, or more of syphilitic patients are suffering from an active tuberculous infection at the same time, without showing any clinical evidence of tubercle.
There seems to be very little room for doubt that with some of the various forms of antigen used, non-specific cross-fixation does occur with sera giving a positive Wassermann reaction, in patients where tuberculosis has been excluded as far as possible by clinical methods. A positive reaction may also be obtained, both in apparently healthy people and in patients suffering from various diseases, even when no clinical evidence of tuberculosis is forthcoming. Some of these apparently non-specific reactions may possibly be explained by a tuberculous infection which, while not clinically active, is pathologically active, and is causing the production of antibodies capable of combining with the tuberculous antigen in the test and fixing complement. While this explanation might account for some of these anomalous results, it cannot account for all of them, and it seems that an uncertain number of non-specific reactions do occur.
It is most probable that the difference in the results of the various observers is due, in great measure, to differences in the technique adopted and to the variety of antigens employed. The application of this test in the diagnosis of tuberculosis cannot be regarded as thoroughly reliable as the reaction appears under certain circumstances to be non-specific; at the same time, where the test is negative on repeated trials in the same individual, it may be assumed that the patient is non-tuberculous, or that a previously diagnosed tuberculous lesion has ceased to be active.
In a large number of cases where there is an active tuberculous focus the reaction is positive, and in a large number of cases which have presented signs of an active focus the reaction is found to be negative when the lesion has become inactive clinically.
It cannot be said that a positive complement-fixation test is conclusive evidence of an infection by the tubercle bacillus, nor that a negative test rules out with certainty the presence of such an infection.
Conclusions.?The position as regards the value of the complement-fixation test as a diagnostic procedure may be summed up as follows:?
1. In a clinically suspicious case, where the Wassermann is negative, a positive complement-fixation reaction is strong presumptive evidence of tuberculosis. 2. In a clinically tuberculous patient a positive reaction denotes activity of the lesion.
3. Repeated negative reactions may be taken to indicate either the absence of tuberculosis or that a lesion previously active has become inactive.
A single negative is of little or no value in a clinically suspicious case.
4. The reaction may be negative in far-advanced cases dying of the disease.
5.
A positive reaction is most likely to be found in patients where the presence of tubercle bacilli in the sputum, or the clinical signs and symptoms render the test unnecessary for diagnosis.
6. Non-specific fixations may occur, notably where the serum gives a positive Wassermann reaction.
7. The intensity of the reaction seems to bear no relation to the patient's power of resistance or to the degree of severity of the infection.
